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EXTKNDED ABSTRACT

IN”I”RODIWTION” l-o ohm the parallelism d a cornpulalionul ulgorilhm is used (or wlvcrtiscd) iIs u desirable

measureof ils pcrlormwrcc. That is, Ihc higher the compuuuional parallelism tic tmcr tic cxpcucd ~rlonncncc,

Will] r.lwcurrm intcrcs[ and cmphcsis on massively purullcl cornpmcr syslcms, lhc notion d highly paralkl dEo-

rithms is Ihc subject of mimy confcrcnccs and funding propds. Unforlunalcly, the “mvolulion” M Lhisvision

promises has served LOf’unhcrcompikww lhc mcawrc of pardlcl pcrfomnancc by tic inwodudion of such ndnns

us .scdcdspxdup and scaltibk syslcms,

As u coumcr cxnrnplc 10 lhc m!XiLsof highly prallcl algonlhms whose Parullclism SUICS Iincudy wirh

inmusing pmblcrn si?c, wc imroducc a slight mdifrcmion 10a highly pardlcl Morrlc Cado uxhniquc IIWI is used10

twtimtim the sduti~m of I%iwrr’s cqumion. This simpk mmlificmion is shown LOyichl a much bclmr cstirnutcm IIW

stjlu[iwl hy inwtpnmirrg a mom cffkicnl U,SCof lmrndnry dma (Dirichlct boundury conditimm). A by lmrnluctof

dlis nrw dgorirhm is a much more cfliuicm .scqucmidalgorithm M ai Lhccxpcn.scof sixxi(icing purdldiwn.

I)liS( ‘RIPTloN “Hit:[wt]-tlilllc!lsi(~llalPoi.woncqnaiion wdr Dirichlcl hwndury conditions is ~ivcn by:

V* o(x,y) ‘ ;)(w),

(1)

*( XnYI}) fixn,~n).

AI III ININIIwc tonsidcr tmly 1)11ichlcl hotmdnry cnrrdilions, Ihc mclhod muy hc cxmmkd 10 vmitms olki !mumiurv

(xmdllions1. I JsingIhc Iivc-pninl Ihlilc dilk’rcncc slcrwil, lhc discrcliml hmll d’ I!qn. ( I ) is Ni’wtl by



Since tic corlficicnls of lhc @’sof Lhcpoints adjoining CCII(i. j) sum!iLO1,wrch slcp muy hc LIIoughiof w LIIC

prolwblli[y O( Uking J step from (i, j) m each of rhc.scCCIIS,assuming cquul probability w w’irndtr in each 01’Lhc

four dinxrions. For his mason, ti Monte Carlo estimate IO the potcmial could bc obtincd by sta(isticidly sampling

Ilw solu[ion dmnain by mcarrsof random walks IIUIl score tic values of ihc imundary where Lhcy (crmina~. For

non-zcm p, cmcalso scoresthe WIluc of ~p~ al every inmrior point (i, j) rcachcd during lhc walk. This cnraiis what

is known as a “primary cslimalc” of tic vaducof ~ al pint (i, j).

Ihc N primary cwimalcs gives tic limrl c.~timalc,

A sraruhd Mmnc Cario idgorirhmc u.scdto cstimmc rhc

For N primary cstimms, tic arirhmctic mean of

soiulion of Ris.sun’s cquwimr iII rhc poim (i, J)

ruqulrcs :1 “parliclc” or “.sumplc”10 hc iniliali?mi with iL%pxilion being cqud 10 lhc ccl! indices (i, j) and huving

IWOacurmulams. (.)nc iwcumuliuor scores ~ tit ach inlcaor point (k, i) of the walk, tic second.scorrxtic wriuc
-!h

d’@ when rhc panicic rcachcsa Immrhry. Tiw imcrior udly is iniliuiimd witi p at (i, j); lhc boundary udiy is .SCI10

zero. As in whcr Mmuc Carlo simuiatins, rhc usc of a pseudo-mdmn ;wmbcr qcncmlor drxcrmincs which of four

pisihk (iircclions lhc prliti~ is 10 Iilkc for IL%“slcp”. if h MCp tics the pndcic 10an imcrior point, l.hcuccumu.

krmr Ihr lhc charge density p is raliicd al Ibis pinl. The parlicic lhcn conlmucs irs random wulk from Ibis pnirn. if

Ihc IICWceil is a hmndary poim, [hc vaiuc of’O on lhc bm.mdtwyis .scord in lhc houndury UIliy and the pm.icic his-

tory mrmirur[cs, The taiiIcs arc muiriplicd by approprimc facms, giving an cslimalc for ~ M Iliis imim, To achicvc

sul’iicmmacturxy U) [hc solution.u krrp rrumhcrof pnnicim arc issuedfnm point (i, j).

TIN cxprcssimrfor ~ is gwmr w I’niiows:

(3)



on [hc Imcl iPSC/1-VX hypcrcube3. As a point of inlcrcst, wc note tit this implementation develops ir compukr-

[ionaf had imbafuncctlxu arks fmm the variations in the numb of random wulks rquimd for termination.

Disrqytrding Ihc issueof pcrformuncc rncasurcdin terms of thsolute parallelism, a simple modilicalion to k

Jticobi-like Moruc Carlo nppmch was dcvclopcd that employs tic cfllcicru usc of the (Dirichlct) boundary condi-

tions to minimif~ both the number d random walks required to reach he boundary and the total number af particles

rquired m obtain a comparable or better convrxgcncrxf solution. The malificd aWrcwh propagaux the boundary

information into h center of h solution dmnain. The procodurc consistsof initiating random walks from only

those grid poirus next to the boun~, After all rancbm walks from these grid poims huvc tcrmimucd, the points

lhcmsclvcsarc taken as the ncw hou~ points. The procedurecontinues in this manner uniil tic troundary inlbr-

mation is, in effect, propugamd into tic ccntcr of the solution domain, This brnmdary propagation mclhml is ir

( kmw-Scidcl like xheme and subsqucntJy ha%Icssavailable computaliomd parallelism. Since the random walks

m issued Imm only those poinLsclosest to lhc boundary, lhc probability is very high that only a fcw sIcps arc

required [o reach the boundary.

RESULTS For the test problcm, the charge dcnsily on lhc right hand side of Poissnn s equation wos chosen to b

p(x,y) = dn(x)sin(y). (4)

“IINI c(mcrgcncc O( tic hwdary prqmgmionmc[hod wns studied hy running the ICSI problcrn with diffcrcm

numlxr of sumplcs({H pwiclcs) pcr grid point. The cstimmed WIlucrrof the potcruiul wrIs compnrd agtiinst a direct

mchrd h,scd on [hc Iivc poitu dif[c,mcc stencil. Ilc test ~~blcms rim with mcxh sizes of 34 x 34 iln(l ti) x Mi

(whwc Ifrc tumndarics arc irwludcd in [hc dimensions). IWau,se of lhc diffcre~ing .schcmcIIWM, Ihc trunctuinn

mor t}f orkr hz can clearly hc distinguished hclwmm the solutionsof Itm 34 x 34 ml MI a (IJ cases. Since in (Iw

ln)iindiir~ propuf!alion ntclh{xl, IIIC hmgrsl mndom willk~ occur [(w tho.scx,sumplcsthul starl from Ilk ~rid ImlillL%

il(lli~t’tl[ kI IhCoriginul h~uldilry, IIIC IINa! numhcr of rirmlom wulks required for tmminmion wilhin Ihc cn[irc sldu-

111m dtmIwn I* slgmlic:mdy lcw IhIm IIIC IIMI numhcr ~}frimdwu wnlks required hy Ihc highly pimdll-l (Jinwhi-lik(’)

Intuhod. liw cquivulcm tmmhcrsol lwrliclcs. wc htivc mwwurcd cmculiml limes m M l“rmuI4 [u III Iimcs Iwucr Illr

:htt l~unid:wv mCItIi Ml ils I “IIp IWd III [lILmIirsl tIICIIIId, l~urtllc~n(wc f[w Ihc WUIICnumfwr {ii”wmqdcs prr @ IHNIII,

Ilw Inmndmy pnqxlg:uI(m nwlhIrd ;K+Ivvml sI@Ic:Inllv helter l’slinmkw I\l tlw ~~dulilm, I:w Ihrr dvlnlls Itl” tmr

IWIIOS WIII tw prcslwlrd dmmg lhc WWIIWI.
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